Screening children with developmental coordination disorder : the development of the caregiver assessment of movement participation by Tsang, Kwan Lan et al.
	 	
	
 
This is the published version 
 
Tsang, Kwan Lan, Stagnitti, Karen and Lo, Sing Kai 2010, Screening children 
with developmental coordination disorder : the development of the caregiver 
assessment of movement participation, Children's health care, vol. 39, no. 3, 
pp. 232-248. 
 
 
 
 
 
Available from Deakin Research Online 
 
http://hdl.handle.net/10536/DRO/DU:30032207	
	
 
 
 
 
Reproduced with the kind permission of the copyright owner 
 
 
 
 
 
 
 
 
 
 
 
Copyright: 2010, Taylor & Francis 
 
 
  
PLEASE SCROLL DOWN FOR ARTICLE
This article was downloaded by: [Deakin University]
On: 11 January 2011
Access details: Access Details: [subscription number 907464590]
Publisher Routledge
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK
Children's Health Care
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t775648097
Screening Children With Developmental Coordination Disorder: The
Development of the Caregiver Assessment of Movement Participation
Kwan Lan Tsanga; Karen Stagnittib; Sing Kai Lobc
a Department of Early Childhood Education, Hong Kong Institute of Education, Hong Kong b School of
Health and Social Development, Deakin University, Geelong, Victoria, Australia c Graduate School,
Hong Kong Institute of Education, Hong Kong
Online publication date: 20 July 2010
To cite this Article Tsang, Kwan Lan , Stagnitti, Karen and Lo, Sing Kai(2010) 'Screening Children With Developmental
Coordination Disorder: The Development of the Caregiver Assessment of Movement Participation', Children's Health
Care, 39: 3, 232 — 248
To link to this Article: DOI: 10.1080/02739615.2010.493772
URL: http://dx.doi.org/10.1080/02739615.2010.493772
Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf
This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.
The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.
Children’s Health Care, 39:232–248, 2010
Copyright © Taylor & Francis Group, LLC
ISSN: 0273-9615 print/1532-6888 online
DOI: 10.1080/02739615.2010.493772
Screening Children With Developmental
Coordination Disorder:
The Development of the Caregiver
Assessment of Movement Participation
Kwan Lan Tsang
Department of Early Childhood Education, Hong Kong Institute of
Education, Hong Kong
Karen Stagnitti
School of Health and Social Development, Deakin University, Geelong,
Victoria, Australia
Sing Kai Lo
Graduate School, Hong Kong Institute of Education, Hong Kong; and
School of Health and Social Development, Deakin University,
Geelong, Victoria, Australia
This study investigated the psychometric properties of the Caregiver Assessment
of Movement Participation (CAMP), which was developed to measure and identify
children with movement participation problems in home contexts. The test–retest
reliability, as well as the concurrent and contrast-group validity of the 35-item
parent-proxy CAMP, was examined on 312 children aged 5 to 8 years using
intraclass correlation, factor analysis, and the Rasch model. Initial findings on the
CAMP appeared to support its validity. Testing on other properties from a practical
perspective, such as finding the best rating scale structure and cutpoints, are
recommended before using the instrument for child health surveillance screening.
Correspondence should be addressed to Sing Kai Lo, Graduate School, Hong Kong Institute of
Education, D4/1F/39, 10 Lo Ping Rd., Tai Po, New Territories, Hong Kong. E-mail: skl@ied.edu.hk
232
D
o
w
n
lo
ad
ed
 B
y:
 [
De
ak
in
 U
ni
ve
rs
it
y]
 A
t:
 2
3:
46
 1
1 
Ja
nu
ar
y 
20
11
DEVELOPMENTAL COORDINATION DISORDER 233
Children with developmental coordination disorder (DCD) have been previously
referred to as clumsy, dyspraxic, or as having minimal brain dysfunction or sen-
sory integration disorders. Their impaired ability to adapt functional movements
in daily living environments often causes social or academic problems in their
school years and persists into later life (Cantell, Smyth, & Ahonen, 1994). The
prevalence was estimated to be between 5% and 8% of all school-aged children,
with more boys than girls being diagnosed with DCD (American Psychiatric
Association [APA], 1994, 2000; Wright & Sugden, 1996).
As defined in the Diagnostic and Statistical Manual of Mental Disorders
(4th ed.; APA, 1994), DCD is a marked impairment in the development of
motor coordination. Four diagnostic criteria are used to distinguish the condition:
(a) The child has substantially lower motor performance expected given the
person’s chronological age and measured intelligence; (b) the disturbance in the
first criterion significantly interferes with academic achievement or activities of
daily living; (c) the disturbance is not due to a general medical condition; and
(d) if mental retardation is present, motor difficulties are considered not the
associated secondary conditions.
For criteria c and d, DCD differs from those conditions with motor in-
coordination as a secondary condition, such as intellectual disabilities and visual
and auditory impairment; and from those conditions with motor in-coordination
as a primary condition, such as cerebral palsy. DCD refers to a range of con-
ditions with motor in-coordination as a distinctive attributing factor affecting
quality of movement participation in daily life, but its exact malfunctioning in
the developing central nervous system, both regarding the site of damage and
the resulting dysfunction, are less well-defined (Chow & Henderson, 2004). For
criterion a, a standardized norm-referenced test, such as the Movement Assess-
ment Battery for Children (MABC) Test, can be used to detect the deviations of
the child’s movement problems from their peers of typical motor performance
(S. E. Henderson & Sugden, 1992).
However, most children with DCD can walk, jump like their peers, and attain
basic developmental milestones. In most cases, unless the child’s movement
participation problems are severe enough to convince caregivers to bring the
child for medical consultation, the child would often fall out of the loop at routine
health surveillance checks screened by nurses using developmental milestone
checklists. Even when the child hurdles through to the medical practitioner,
concrete signs and symptoms are needed, often in a form of the presence of
soft neurological signs, to support the decision for further referral to clinical
consultation. Yet, in many cases, neurological signs and symptoms are often
discrete. Therefore, criterion b, denoting the interference of DCD on movement
participation in school or at home, becomes a crucial asset for proper diagno-
sis. Objective measuring instruments by teachers or caregivers on the child’s
movement participation in school or at home are, therefore, warranted.
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234 TSANG, STAGNITTI, LO
The primary aim of this research was to develop a valid caregiver-proxy
measuring instrument to assess movement participation for children aged 5 to
8 years (Caregiver Assessment of Movement Participation [CAMP]). We were
interested in examining (a) which aspect of motor participation difficulties the
CAMP measures and (b) whether the CAMP can discriminate between children
with and without motor problems.
EXISTING INSTRUMENTS FOR DCD
To date, the functional impact of DCD has only been documented in respect to
decreased leisure and playground participation in school contexts. Assessments
used in these contexts include the Children’s Self-Perceptions of Adequacy in,
and Predilection for, Physical Activity Scale (Cairney et al., 2007; Hay, Hawes,
& Faught, 2003); the Teacher Identification of Children With Movement Skill
Problems (Missiuna & Pollock, 1995); the Motor Observation Questionnaire
for Teachers (Schoemaker, Flapper, Reinders-Messelink, & Kloet, 2008); the
Teacher Estimation of Activity Form (Faught et al., 2008); and the MABC
Checklist (S. E. Henderson & Sugden, 1992). There is a need to have a screening
tool at the movement participation level for the home context.
One of the very few instruments available to measure participation of daily
living activities in home contexts is the Developmental Coordination Disorder
Questionnaire (DCDQ; Loh, Piek, & Barrett, 2009; B. N. Wilson, Dewey, &
Campbell, 1998; see Table 1). The DCDQ is a 17-item parent-proxy question-
naire measuring coordination in children between the ages of 8 and 14 1/2 years
(B. N. Wilson, Kaplan, Crawford, Campbell, & Dewey, 2000). However, many
children with DCD are diagnosed as early as 6 years (Chan et al., 2004). There
is a need to have a reliable and valid caregiver-proxy questionnaire to aid in
screening children with DCD younger than 8 years old so that intervention can
start as early as possible.
MOVEMENT PARTICIPATION DIFFICULTY
AS A CONSTRUCT
The sensory-perceptual processing system has long been suggested to be the
prime determinant for satisfactory motor skills (Cermak, Gubbay, & Larkin,
2002). The perception processing mechanism within the individual receives and
interprets all the sensory inputs received from the environment through various
sensory channels—namely, through the kinesthetic, vestibular, visual, auditory,
and tactile channels. Defect in any of these processing mechanisms might lead
to poor motor coordination (Geuze, 2005).
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DEVELOPMENTAL COORDINATION DISORDER 235
TABLE 1
Summary of Existing Instruments for DCD Used in School Contexts
Instruments Research Procedures Results
The CSAPPA Scale
(Cairney et al.,
2007)
The CSAPPA Scale was administered
to 590 children in Grades 4–8 from
four schools in Ontario, Canada
using the short form of the BOTMP
(Bruininks, 1978).
A cutpoint of 24 was found on the
adequacy subscale, which gave a
sensitivity of 0.86 (95% CI D
0.76–0.97) and a specificity of 0.47
(95% CI D 0.43–0.51) with the full
CSAPPA (AUC D 0.81; 95% CI D
0.75–0.87) and the adequacy
subscale (AUC D 0.79; 95% CI D
0.73–0.85).
The CSAPPA Scale
(Hay, Hawes, &
Faught, 2003)
A sample of 209 children (M D 121;
F D 87) were assessed with the
CSAPPA Scale using the short form
of the BOTMP.
A positive cutoff of <47 and <53 for
DCD was identified in boys and
girls, respectively. Both gender
cutoffs demonstrated significant
agreement (p < :01) with a positive
BOTMP test. Boys’ results indicated
sensitivity and specificity values of
0.90 (95% CI D 0.18) and 0.89
(95% CI D 0.22), respectively.
Likewise, the girls’ cutoff
demonstrated high sensitivity 0.88
(95% CI D 0.05) and specificity
0.75 (95% CI D 0.09).
The MOQ–T
(Schoemaker,
Flapper,
Reinders-
Messelink, &
Kloet, 2008)
One hundred eighty-two children aged
5–10 years, with 91 children referred
for motor problems to a rehabilitation
center and 91 comparison children.
Significant correlations were obtained
between the MOQ–T and the DCDQ
(r D  :63) and the MOQ–T and the
MABC (r D :57). Sensitivity of the
MOQ–T was 80.5%; specificity was
62% using the MABC as the
reference.
The TEAF (Faught
et al., 2008)
A random selection of 15 out of 75
schools in Ontario, Canada was
chosen for this study. Every
consented child in Grade 4 (nD 502)
was evaluated for DCD in school
using the short form of the BOTMP.
Total TEAF scores ranging from 28 to
32 were preferred in maintaining
good sensitivity of 0.74 (95% CI D
0.55–0.87 to 95% CI D 0.68–0.94).
The AUC curve was 0.77 (95% CI D
0.68–0.86) for the TEAF total score.
The MABC
Checklist (S. E.
Henderson &
Sugden, 1992)
A group of 120 children, 6–11 years
old, randomly selected from
mainstream schools; and a group of
64 children, 6–9 years old, referred
for assessment of their motor
functioning were assessed with both
the Test and Checklist of the MABC.
The Checklist met the standards for
sensitivity in all age groups, except
in the 8-year-old group, where too
many children with motor problems
were not detected. With the
exception of the 6-year-old children,
specificity was poor. The positive
predictive value was acceptable,
except for the 7-year-old children.
The DCDQ (Loh,
Piek & Barrett,
2009; B. N.
Wilson, Dewey,
& Campbell,
1998)
An Australian sample of 38 girls and 91
boys aged 9–12 years (M D 11:15,
SD D 0:81) was investigated.
The DCDQ had a sensitivity of 0.55
and a specificity of 0.74. The DCDQ
was accurate in identifying children
with moderate or severe motor
impairment, but identified less than
one half of the children with mild
motor impairment.
Note. DCD D developmental coordination disorder; CSAPPA D Children’s Self-Perceptions of Adequacy
in, and Predilection for, Physical Activity Scale; BOTMPD Bruininks–Oseretsky Test of Motor Proficiency; CI D
confidence interval; AUC D area under the curve; MOQ–T D Motor Observation Questionnaire for Teachers;
DCDQ D Developmental Coordination Disorder Questionnaire; MABC D Movement Assessment Battery for
Children; TEAF D Teacher Estimation of Activity Form.
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Furthermore, temporal delay in feed-forward in terms of spatial and temporal
estimation was distinguished as the crucial factor that impedes movement per-
formance for children with DCD when producing an action. Action production
is dependent on first having a conceptual representation of an action. The
information is subsequently used to guide limbs in time and space (Gagné, 1985;
Gagné & Driscoll, 1988). In a “coincidence timing” study, children were required
to synchronize the arrival of their finger at a target with the presentation of the
fifth auditory tone. Children with DCD were found to have significantly greater
timing error in this task. However, both the typically developing (TD) children
and children with DCD performed equally poor when the time between each
tone presented in the countdown was increased, suggesting that the problems
of children with DCD arise from a delay in generating responses with reliable
timing, rather than from a poor cognitive process of time estimation (L. Hender-
son, Rose, & Henderson, 1992). This delay causes them to be slower to respond
to stimuli but not inaccurate in their movement execution, and the slowness is
largely localized in the cognitive decision process of response selection (Van
Dellen & Geuze, 1988, 1990; Van der Meulen, Denier van de Gon, Gielen,
Gooskens, & Willemse, 1991).
In addition, the “Automatization Deficit Hypothesis” postulates that children
with DCD are impaired in motor organization, particularly when the task re-
quires dual attention across sensory systems. The child with DCD shows normal
performance when full attention can be given to the primary motor task; but,
automatization deficit would surface when conscious monitoring is threatened
by stress, such as speeding up, or by some other simultaneous task requiring
attention (Nicolson & Fawcett, 1990). From the perspective of the action theory,
a dual-task paradigm has typically been used to reflect the ability of the individ-
ual to reorganize. The introduction of a second motor task does not necessarily
represent a central shift in attention, but a peripheral reorganization of the bodily
movement (Whitall, 1997). In the auditory–motor coupling experiment, adding
a clap in walking did not change the coordination or stability of the legs, but did
change the control variables, such as step time and step length, challenging the
motor reorganization to temporal and spatial coordinates (Getchell & Pabreja,
2006). The higher the frequency, the more in-coordinated the auditory–motor
coupling pattern was because the more motor reorganization the task involved
(Whitall et al., 2006).
Other studies on visual–motor coupling also found similar increases in reac-
tion times. Children with DCD were also found to have difficulty in coordinating
the perception–action coupling of the clapping in the marching task while listen-
ing to relevant auditory signals (Whitall et al., 2006). Therefore, it was suggested
that children with DCD exhibit a general, rather than a sensory modality-specific,
inadaptability reorganization weakness in response to incidental environmental
changes.
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DEVELOPMENTAL COORDINATION DISORDER 237
In sum, based on the aforementioned past research studies related to DCD,
three aspects of movement participation difficulties were identified: (a) delay
in sensory-motor processing, (b) temporal in-coordination and (c) movement
inadaptability to environmental change.
DEVELOPMENT OF THE CAMP
AND CONTENT REVIEW
Procedures
Design of rating scale. Because the child’s caregivers are always among
the first to notice the child’s problems, and their perceptions help in assessing
skills relevant to children’s daily living in their naturalistic home environment
(Pless, Persson, Sundelin, & Carlsson, 2001), the CAMP was purposely designed
as a caregiver-proxy scale. For each item in the first version of CAMP, the
caregiver rates on a Likert scale, from 0 (not observed at all) to 7 (most frequently
or most seriously), the degree of seriousness or frequency of a phenomenon
observed from the child’s daily participation in home-related movements. Higher
total scores indicate more movement participation problems observed by the
caregiver.
Item generation. An initial pool of 76 daily living tasks that children with
DCD have difficulty in performing at home was identified through a review
of relevant DCD literature (Biggs, 2005; Kranowitz, 2003; Schoemaker et al.,
2001; P. H. Wilson, Maruff, Ives, & Currie, 2001). Items that best represented the
three aspects of movement participation difficulties—namely, delayed sensory-
motor processing, temporal in–coordination, and movement inadaptability in
response to environmental change—were included. More items than necessary
were prepared to allow item reduction at the item analysis stage upon content
review by experts (Shum, O’Gorman, & Myors, 2006).
Item revision by experts review. Ethics approval was obtained from
Deakin University, and informed consents were given by all participants before
data collection. An expert panel was invited to review the 76 items. The 16
international members had expertise in the area of pediatrics and DCD. Seven
from the United States and 2 from Hong Kong were clinicians who had been
working in the area for more than 10 years. Of the remaining 7 experts, 4
were professors from Taiwan who had conducted research on DCD, and 3 were
caregivers from the United Kingdom and Hong Kong who themselves were
adults with DCD or whose children had a diagnosis of DCD. For each item, the
experts rated the degree of item relevancy on a 6-point scale, ranging from 1
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(strongly disagree) to 6 (strongly agree). They were also asked to make open-
ended comments and recommendations on the clarity, expression, and relevancy
of each item.
Item revision by focus-group discussions. Four 50-min focus-group dis-
cussions were conducted, each with 4 participants from a parents’ support
group whose members were concerned for their child’s movement participation
difficulties at home. The discussions used three open-ended questions as a guide:
1. Which items on the list do you find your child having more difficulties in
performing at home?
2. What do you think are the most probable reasons behind those difficulties
encountered?
3. Are there any items in the questionnaire that you do not feel capable of an-
swering due to a lack of opportunities to observe your child’s performance
in home contexts?
Content Review Results
Based on the comments and ratings from the experts’ review, the original 76-
item CAMP version was revised into a 35-item version. Items that had less than
three “disagree” (as a relevant item) markings were kept, and items with three or
more “disagree” markings were reviewed. In general, items seen by the expert
panel as related to vestibular- and kinesthetic-motor processing were retained
but reworded to improve their relevancy. Reviewers argued that items related to
those of tactile, visual-motor, and auditory-motor processing were more likely to
be confounded by children with specific learning disabilities or attention deficits
and, therefore, were deleted (see Table 2).
TESTING OF PSYCHOMETRIC PROPERTIES
Method
Participants. A convenience sample of 312 children aged 5 to 8 years
(137 girls and 175 boys; aged 5–6 years D 141 and aged 7–8 years D 171)
were recruited from three primary schools and five kindergartens in 2006. The
inclusion criteria were no known sensory, motor, neurological, or intellectual
impairment, as in compliance with the diagnostic criterion adopted by the APA
(2000). Children who had any past medical history of neurologically related
diagnoses, such as attention deficits, as reported by their caregivers in the CAMP
questionnaire were excluded. Children confirmed satisfying the inclusion criteria
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were assessed in their schools using the MABC Test (S. E. Henderson & Sugden,
1992). Those whose MABC total impairment test scores fell below the fifth
percentile were included in the DCD group. The rest of the sample was grouped
in the TD group. Based on these criteria, 19 children with DCD (6.1%) and 293
TD children were identified.
Procedure
Test–retest reliability was conducted on 76 caregivers (11 in the DCD group
and 65 in the TD group) who completed the CAMP twice, 2 to 3 weeks apart;
and was assessed using intraclass correlation (ICC). The MABC Checklist was
selected for testing concurrent validity, as the Checklist also uses movement
activities as content items and has been found to be valid for use by teachers
in schools (Schoemaker, Smits-Engelsman, & Jongmans, 2003). One hundred
forty-nine of the 312 participating caregivers (60 with children aged 5–6 years
and 89 with children aged 7–8) were asked to complete both the CAMP and
the MABC Checklist, 3 to 4 weeks apart. As the assessment instrument is
a caregiver-proxy instrument and, typically, only one caregiver is involved in
the rating, interrater reliability was practically impossible in most cases and,
therefore, was not examined.
Data Analysis
The Rasch model fit statistics measure the extent to which the observed data
match the predictions of the Rasch model. There are two types of item fit
statistics: infit statistics, which assess those items within the children’s ability;
and outfit statistics, which assess those off-target items that might be too easy or
difficult for the children (Chien & Bond, 2009). The goodness of fit of each item
is usually represented by the ratios of the observed scores versus the expected
scores in terms of mean squared residuals (MnSq) and the standardized z values
(ZSTD). The mean square indexes of >1.4 or <0.6 or the absolute value of
ZSTDs is >2 or < 2 have frequently been established as criteria for misfit
(Fisher, 1993; Kielhofner et al., 1999).
The point–measure correlation coefficient refers to the correlation between the
item score and the overall score of the construct under measure. Theoretically,
it ranges between  1 and C1. The closer to C1 it is, the higher the relation
between the item value and the total score measure. A negative value implies
that respondents score high on the item while having a low overall measure
score, and hints for possible deletion of the item. If too many items have point–
measure correlation coefficients between 0.00 and 0.40, it suggests more than
one dimension in the measure (Mok, Cheng, Moore, & Kennedy, 2006).
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Rasch person–item reliability refers to the consistency of person–item order-
ing as measured by the scale. Person–item separation indexes indicate the spread
of the sample in terms of units of measurement error of the scale measures.
Larger separation indexes represent finer precision and higher reliability of the
measure than smaller values (Smith, 1999).
Pearson correlation coefficients between the CAMP and the MABC Test and
Checklist scores were computed to investigate concurrent validity. The 35-item
CAMP scores between the DCD and TD groups were also compared using
independent t tests to investigate the contrast-group validity, which assesses the
discriminatory power of the instrument.
Results
Rasch model fit. As shown in Table 3, two misfit items were found
not satisfying the infit-oufit criteria: (a) “has difficulty riding a two-wheeled
bike independently” (infit MnSq/ZSTD D 2.55/9.90; outfit MnSq/ZSTD D
2.73/9.10) and (b) “needs to watch own feet when going up and down stairs;
prefers holding onto handrails when walking on stairs or suspended bridges”
(infit MnSq/ZSTD D 1.39/3.00; outfit MnSq/ZSTD D 1.44/2.70). Therefore,
we changed the wording of the two items following the suggestions from the
focus groups to improve their clarity. The items were reworded into, “takes
extra effort to learn riding a two-wheeled bike independently; might not master
skills even after training” and “appears over-cautious when on stairs, balance
beams, or across moving suspended bridges.” There were five items having
infit–outfit ZSTDs < 2. To be specific, they were clumsy in sports (infit–outfit
ZSTD D  2.10/ 2.60), tool use (infit–outfit ZSTD D  2.60/ 2.70), carry
and drop (infit–outfit ZSTD D  2.40/ 2.20), multiple instructions (infit–outfit
ZSTD D  3.10 and outfit ZSTD D  2.00), and ball games (infit–outfit ZSTD D
 1.80 and outfit ZSTD D  2.00). These were overfitting items indicating where
some high-performing persons might have performed badly unexpectedly. They
could be redundant items, but could also contain most representative information
measuring the construct covering all the rest of the items. Hence, they were
temporarily retained in the item content until the CAMP is tested further on
more children and future research findings suggest alternate actions.
The CAMP instrument had a fine person separation of 2.95, with a high
reliability of 0.90, whereas the item separation was 5.61 with an excellent
reliability of 0.97. These statistics imply that the CAMP is capable of stratifying
the respondents into groups with at least three levels of abilities, and that the
range of item difficulty is spread widely to have a high degree of sensitivity in
terms of measuring the underlying construct. None of the items had negative
point–measure correlations. All of the CAMP items had a point–measure corre-
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TABLE 3
Rasch Item Statistics on the 35-item CAMP, With a Rating Scale of 0–7
for Ages 5–8
Item Description Logit
Item
Error
Infit
MnSq
Infit
ZSTD
Outfit
MnSq
Outfit
ZSTD
Point–Measure
Correlation
Eating utensils : : : 0.80 0.08 1.07 0.50 0.80  1.10 0.37
Switch hand : : : 0.53 0.07 1.23 1.60 1.18 1.10 0.38
Feet actions : : : 0.47 0.07 0.95  0.30 0.64  2.50 0.45
Strength-exerting : : : 0.47 0.07 1.11 0.90 0.92  0.50 0.41
Using keys : : : 0.35 0.06 0.80  0.80 0.71  2.00 0.45
Long pants : : : 0.31 0.06 1.32 2.40 1.11 0.70 0.41
On one foot : : : 0.29 0.06 1.15 1.10 0.75  1.70 0.45
Bumps furniture : : : 0.28 0.06 0.91  0.70 0.80  1.40 0.47
Clumsy in sports : : : 0.23 0.06 0.96  2.10 0.64  2.60 0.49
Tools use : : : 0.20 0.06 0.71  2.60 0.64  2.70 0.50
Clapping : : : 0.17 0.06 0.94  0.50 0.72  2.00 0.48
Roughhousing : : : 0.17 0.06 1.24 1.90 1.49 2.90 0.42
Break fall : : : 0.16 0.06 0.87  1.10 0.79  1.50 0.49
Moving surfaces : : : 0.15 0.06 1.39 3.00 1.44 2.70 0.41
Feet off : : : 0.14 0.06 1.20 1.60 0.94  0.40 0.45
Spills drink : : : 0.07 0.05 0.71  2.80 0.74  2.00 0.51
Art activities : : : 0.06 0.05 0.96  0.30 0.93  0.50 0.49
Organizing schoolbag : : : 0.02 0.05 0.91  0.70 0.81  1.40 0.50
Ball games : : :  0.02 0.05 0.81  1.80 0.74  2.00 0.51
Assembling models : : :  0.05 0.05 1.20 1.70 1.12 0.90 0.46
Slumps and props : : :  0.08 0.05 1.08 0.70 1.23 1.60 0.48
Often tripped : : :  0.11 0.05 1.34 3.00 1.61 4.00 0.43
Uses rackets : : :  0.11 0.05 1.10 0.90 0.97  0.20 0.48
Carry and drop : : :  0.23 0.05 0.77  2.40 0.75  2.20 0.57
Copying : : :  0.26 0.05 0.93  0.70 0.93  0.50 0.54
Buttoning : : :  0.28 0.05 1.14 1.40 1.17 1.30 0.51
Bike riding : : :  0.29 0.05 2.55 9.90 2.73 9.10 0.38
Fastening : : :  0.30 0.05 1.02 0.20 0.92  0.60 0.53
New actions : : :  0.35 0.05 0.97  0.20 1.09 0.70 0.55
Multiple instructions : : :  0.36 0.05 0.72  3.10 0.77  2.00 0.60
Fatigues : : :  0.38 0.04 1.06 0.70 1.44 3.30 0.52
Grasp pencil : : :  0.41 0.04 0.95  0.50 0.99 0.00 0.56
Competition : : :  0.47 0.04 0.91  0.90 1.00 0.00 0.58
Handwriting : : :  0.56 0.04 1.21 2.20 1.43 3.50 0.54
Books everywhere : : :  0.61 0.04 1.12 1.30 1.19 1.70 0.57
M 0.00 0.05 1.06 0.40 1.03 0.10
SD 0.33 0.01 0.31 2.30 0.39 2.40
Note. CAMP D Caregiver Assessment of Movement Participation; MnSq D mean squared
residuals; ZSTD D standardized z values.
D
o
w
n
lo
ad
ed
 B
y:
 [
De
ak
in
 U
ni
ve
rs
it
y]
 A
t:
 2
3:
46
 1
1 
Ja
nu
ar
y 
20
11
DEVELOPMENTAL COORDINATION DISORDER 243
TABLE 4
Comparisons Between the CAMP and the MABC Test and Checklist Scores
MABC Checklist Total Scores
Pearson correlation Ages 5–8 (N D 149) Ages 5–6 (n D 60) Ages 7–8 (n D 89)
CAMP total scores 0.56 (95% CI D 0.44–0.66) 0.42 (95% CI D 0.19–0.61) 0.69 (95% CI D 0.56–0.79)
Note. CAMPD Caregiver Assessment of MovementParticipation;MABCDMovementAssessment Battery
for Children. All ps < .01.
lation ranging from 0.37 to 0.60, indicating all item scores were correlated with
expected total scores—evidence of the unidimensionality of the CAMP scale.
Test–retest reliability. The CAMP yielded excellent test–retest reliability,
and the ICC (1, 1) was 0.94.
Concurrent validity. The Pearson correlation coefficient for all the partic-
ipants (N D 149) was moderately and significantly correlated (r D :56; 95%
confidence interval [CI] D 0.44–0.66). Additional correlation analyses were
carried out on subgroups stratified by age; the scores were all significantly
correlated, and ranged between 0.42 and 0.69. The CAMP scores were also
mildly correlated with the MABC Test (r D :31; 95% CI D 0.21–0.41; see
Table 4).
Contrast-group validity. Children with DCD had significantly higher total
CAMP scores, indicating poorer performance (57.80 ˙ 49.40) when compared
with their TD counterparts (31.80 ˙ 27.70; p < :05).
DISCUSSION
The results of the Rasch item fit statistics confirmed the results of the content
review: The construct of movement participation difficulties that children with
DCD encounter can best be reflected in the three aspects of DCD found in the
related research literature. Thirty-five daily living tasks in home contexts that
best represent the aspects of delayed kinesthetic–motor processing, temporal
in-coordination, and movement inadaptability to environmental changes were
retained as the CAMP items.
From the results of the expert reviews and the focus-group interviews, the
panel regarded DCD as primarily caused by decreased kinesthetic–motor pro-
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cessing; and effects of other sensory processing, such as those of visual and
auditory, were only secondary. This view had been supported by many past
research findings (Hulme, Smart, & Moran, 1982; Hulme, Smart, Moran, &
McKinlay, 1984; Hulme, Smart, Moran, & Raine, 1983; Mon-Williams, Wann, &
Pascal, 1999; Sigmundsson, 1999; Sigmundsson, Ingvaldsen, & Whiting, 1997;
Smyth & Mason, 1998), which reported that performance for children with DCD
in the kinesthetic-only condition was significantly worse than that observed in
other sensory modality-specific conditions.
Further research findings proposed that, although children with DCD are able
to develop a kinesthetic representation of what needs to be done, they are slow in
processing kinesthetic feedback information and slow to respond to errors (Lord
& Hulme, 1987a, 1987b, 1988). That confirms the findings of this research that
items requiring temporal–motor coordination were generally better in item fit
statistics as, for example, “seldom wins in competitive games involving who is
the fastest” (infit MnSq/ZSTD D 0.91/ 0.90; outfit MnSq/ZSTD D 1.00/0.00).
One reason found accounting for the temporal in-coordination was the over-
reliance on visual feedback to control their movement accuracy in an attempt
to compensate for their weak kinesthetic processing (Rosblad & von Hofsten,
1994). This further interrupts the smoothness and efficiency of the movement
because anticipatory monitoring is replaced by feedback monitoring, which is
both slower and more variable.
Temporal deviation needs to be detected incidentally, as its accuracy is subject
to the environmental conditions at that particular moment in time. The ability to
perceive and detect instant contextual variables in the environment is, therefore,
very crucial. Such ability can best be detected in various sports and ball games in
various team play activities as indicated by the five overfitting items including
clumsy in sports, uses rackets in games, and ball games, which were found
most representative of all items in the CAMP. These items all share one element
of movement participation difficulty in common: movement inadaptability to
environmental changes that most children with DCD find difficulty in.
Initial findings on the psychometric properties using classical test theory
approach also supported that the CAMP is valid in screening children with
DCD from TD children. For contrast-group validity, there was a significant
difference in total scores between the two groups. For concurrent validity, a
moderate correlation was significantly found between the CAMP and the MABC
Checklist. The CAMP approaches the construct from a system analysis approach
focusing on the interactions between the systems of person, task, environment,
and context; whereas the MABC Checklist categorizes movement performance
from the perspective of stability for both the person and environment. Hence, the
results indicate that each assessment retains its uniqueness to measure DCD in
different contexts, with the CAMP designed for home contexts and the Checklist
for school contexts.
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Limitations and Future Research
First, the sample might have been larger and more diverse, especially for validat-
ing a newly developed measuring instrument. Although, in this study, the main
analysis was the Rasch analysis of which a sample of size 100 could be adequate
for stable parameter estimates (Linacre, 1994), we still recommend using a much
bigger sample in future validation studies, especially when using non-Rasch Item
Response Theory models. Moreover, this research was carried out in a Chinese
population. Its validity and reliability when used in other countries or in other
ethnic groups will need to be further explored. Furthermore, only children who
were scored below the fifth percentile of the MABC Test were categorized into
the DCD group. However, as different instruments have their own limitations
and different sensitivity and specificity of identifying DCD cases, the CAMP
can be further tested using other instruments, such as the Bruininks–Oseretsky
Test of Motor Proficiency (Bruininks, 1978), to ensure the sample group for
DCD consists of true-positive cases. On the other hand, a cross-sectional design
had been used in this study, which implies that the responsiveness of the CAMP
has not been assessed.
Researchers, clinicians, and caregivers are reminded that the CAMP can be
used for children with various diagnoses of learning disabilities such as dyslexia,
attention deficits, and hyperactivity disorders. In future studies, the item scores
on different tasks can be compared to see if different diagnostic groups show
different aspects of movement participation problems. Longitudinal studies can
also be carried out using the CAMP to see if the changes in the item ratings
in pre- and post intervention can measure impact of intervention. However, it
should be cautioned that the CAMP was not designed to measure intervention
effectiveness. The item scores do not reflect or differentiate the effectiveness
of different types of strategies; other research designs should be used for that
purpose.
Implications for Practice
All in all, the initial results indicated that the CAMP is a reliable and valid
assessment to be used by caregivers to measure movement participation in
home contexts with children as young as 5 years. However, more testing on
other properties from a practical perspective, such as finding the best rating
scale structure and cutpoints, are needed before the instrument can be used for
child health surveillance screening. Once its screening validity is confirmed, the
caregiver-proxy questionnaire provides an evidence-based means that allows a
more cost-effective and time-saving approach to alert needs for early interven-
tion. Rather than spending much more referral time and professional cost in
assessing all suspect referrals using clinical testing by habilitation professionals
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or consultation by medical practitioners, the CAMP can screen off those false-
negative cases once its cutpoint with acceptable sensitivity and specificity is
determined.
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